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Abstract

Global concern is growing over natural resource consumption and climate change. Many governments,
companies, and industries are taking action to reduce the environmental footprint associated with
material and product manufacture and processing. Both natural resource consumption and greenhouse
gas emissions are being monitored closely as resource shortages and emissions continue to rise globally.

Onsite wastewater treatment systems have historically been composed of concrete septic tanks and
stone/pipe drainfields. However, the processes and materials used to manufacture conventional
systems consume a large amount of resources (aggregate, water, fuel, electricity) and emit a large
amount of carbon dioxide. Alternatively, other materials have been increasingly substituted for
conventional materials, including recycled thermoplastic septic tanks and chambers. These materials
have qualitatively been considered more environmentally friendly, but no quantitative comparison has
been evaluated in regards to resource consumption and carbon emissions.

Therefore, the environmental impacts of both conventional septic systems and systems using recycled
thermoplastics were evaluated. A conventional septic system was defined as a precast concrete septic
tank and gravel/pipe drainfield. This was compared to the equivalent recycled thermoplastic system,
consisting of a septic tank and chambers. Water consumption, electricity consumption, fuel
consumption, and carbon emissions were evaluated through raw material production, product
manufacturing and transportation for both systems. Installation of the system was not included in this
study, as the method and ease of installation varies greatly among sites.

It was concluded that there is a significant difference in the environmental impact associated with each
system type. When transporting a recycled thermoplastic system 1000 miles and a conventional system
only 30 miles, the recycled system reduced electricity consumption by 85% (5468 kWh saved), fuel
consumption by 67% (4480 kBtu saved), water consumption by 97% (950 gal saved), and carbon
emissions by 34% (148 kg C saved). When compared to the total number of septic systems installed
each year (estimated at 400,000 installed septic systems in 2013), this could amount to a total
yearly savings of 2.2 billion kWh of electricity, 1.8 billion kBtu of fuel, 380 million gallons of water,
and 59 kilotons of carbon if every septic system was composed of recycled thermoplastics rather
than conventional materials.



Introduction

Concern is growing globally over natural resource consumption and climate change. Many governments,
companies, and industries are taking action to reduce the environmental footprint associated with
material and product manufacture and processing. The onsite wastewater treatment (septic system)
industry currently treats the wastewater generated by nearly 25% of US households and up to 33% of
new developments, amounting to approximately four billion gallons of wastewater treated per day
(USEPA, 2005). With the vast number of systems installed daily, it is important that the most sustainable
methods are employed in all aspects of construction, manufacture, treatment, and disposal.

Septic systems have conventionally consisted of a precast concrete septic tank, followed by a gravel and
pipe drainfield. While these materials have provided adequate treatment and dispersal of wastewater
for years, they are also energy and resource intensive to manufacture and process. By weight, concrete
is composed of approximately 15% cement and 85% aggregates; cement is manufactured from
limestone and clay. The conventional septic system is, therefore, completely reliant upon mining and
processing natural gravel resource, a resource intensive process (DOT FHWA, 2012).

Gravel quarries typically begin the mining process by blasting or drilling into the natural landscape using
heavy machinery to extract large stones. These are then sent through a series of machines to crush and
screen (sort) the natural aggregate into various sized stockpiles. Depending on its intended use, the
aggregate often must be washed to ensure it is free of “fines” (small diameter rock and soil particles).
The mining process therefore involves a large amount of fuel and water consumption to run the
machinery and wash the aggregate, on top of the large amount of natural resource consumption
(USEPA, 2004).

In addition, the manufacturing of cement revolves around the chemical reaction of calcination.
Calcination involves heating limestone (primarily calcium carbonate, CaCOs) to form calcium oxide (CaO)
and carbon dioxide (CO,), as shown in Equation 1. When combined with clay, often aluminum silicate
(Al,SiOs), the products become alite (3Ca0-Si0,), aluminum oxide (Al,03), and carbon dioxide, as shown
in Equation 2. Aluminum oxide and alite are two of the main components of cement (MAST, 1995).

CaCO3; + heat = CaO + CO, (1)
3CaC0; + Al,Si05 + heat — 3Ca0 - Si0O, + Al,05 + 3C0, (2)

The manufacture of cement is therein both energy intensive (heat) and high in greenhouse gas
emissions (CO,). Of the total carbon dioxide emitted by the United Kingdom concrete industry,
approximately 85% is estimated to be from the manufacturing of cement. 60% of these emissions are
estimated to be from the calcination process, and 40% from fuel combustion to heat the limestone and
clay (Concrete Centre, 2009).

Alternative materials have been more recently introduced to the septic industry, utilizing recycled
thermoplastics to manufacture septic tanks and drainfield products (i.e. chambers). The manufacture of
recycled thermoplastic products involves the removal of plastic waste from landfills and junkyards, the
processing of the plastic into regrind, the melting of the regrind to liquid plastic, and the molding of the
recycled thermoplastic products using electric machinery. While these products have been qualitatively
considered more environmentally friendly by using recycled materials, the goal of this paper is to
quantitatively compare the manufacture and transportation of both a conventional concrete/aggregate
septic system and a system of recycled thermoplastic components.
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Methods and Calculations

An analysis was performed to quantitatively determine the resource usage and carbon emitted in the
manufacture and transport of both a conventional septic system and a system utilizing recycled
thermoplastic products. The conventional system for this study is defined as a 1000 gallon, precast
concrete septic tank and a 1000-sf stone drainfield using 3-inch PVC piping for distribution. The recycled
thermoplastic system is defined as Infiltrator Systems, Inc.’s (Infiltrator) IM-1060 septic tank and a 1000
sf drainfield of Quick4 Standard chambers. The analysis included raw material processing, manufacture
of the finished product, and transportation of the product to the field site. Resources compared were
water, electricity, and fuel. The installation of each system was not included in this study do to the
varying ease and method of installation among sites.

For the conventional system, the transportation distance was assumed to be 30 miles to account for
availability of local materials; for each conventional system, one truck carrying one tank and one truck
carrying the amount of stone required for the drainfield each travel 30 miles to deliver the conventional
system to the worksite. Material properties and coefficients for emissions, water, fuel, and electricity
consumption were found through literature review. The majority of conventional system consumption
coefficients were sourced directly from the concrete industry. These values represent a best case
scenario for the concrete industry, as most literature cites consumption rates much higher than those
reported directly from the concrete industry.

In calculating resource consumption of the recycled thermoplastics system, three different flatbed
transportation distances (30, 500, and 1000 miles) were used to account for various distances from the
manufacturing plant to distributors in flatbed shipping densities. A distance of 30 miles was then used to
calculate the distance traveled from distributor to the installation site in two pickup trucks total, one
transporting the tank and one transporting the chambers. The recycled thermoplastics system analysis
was calculated using both a drainfield sized with a 25% reduction and a drainfield sized 1:1 with a
conventional system; while the 25% reduction is common throughout US regulations, the 1:1 drainfield
sizing gives a more direct correlation between the two systems and was used through the remainder of
analyses. Resource consumption, carbon emissions, and number of products produced were monitored
over six months of production at the Infiltrator Winchester, KY manufacturing plant. This data was used
to determine the resource consumption and carbon emission coefficients.

Values for electricity use, fuel consumption, water consumption, and carbon emissions were calculated
for both of the systems. Each system was also analyzed to determine the percentage of each constituent
used in each production phase (raw material processing, production, transportation) and for each
material (concrete, aggregate, PVC, cement, plastic). Various subsets of each system were then
guantitatively compared, including the septic tanks alone, the drainfields alone, and the effect of
transportation distances on system consumptions.



Results

Conventional System

Resource consumption and carbon emissions of the conventional system are shown in Table 1. As
shown, the conventional system consumes 6433 kWh of electricity, 6674 kBtu of fuel, 983 gallons of
water, and emits 431 kg C through the production, manufacture, and transportation of the system.
Table 2 and Figure 1 depict the breakdown of each of these constituents into tank and drainfield
contributions. As shown, the drainfield accounted for 81% of the electricity consumption, 61% of the

fuel consumption, 79% of the water consumption, and 54% of the emissions.

Table 1. Conventional System Results

30 mi Units
Electricity Consumption 6433 kWh
Fuel Consumption 6674 kBtu
Water Consumption 983 gal
Carbon Emissions 431 kg C
Table 2. Conventional System Usage - Breakdown into Components
Tank 1000 sf Drainfield
Units
Value % of total Value % of total
Electricity Consumption 1214 19% 5219 81% kWh
Fuel Consumption 4448 67% 2226 33% kBtu
Water Consumption 208 21% 775 79% gal
Carbon Emissions 199 46% 232 54% kg C
100%
90% -
81% 79%
80% -
70% - 67%
60% - 54%
50% - 46%
40% - 33%
30% -
19% 21%
20% -
10% -
0% T T :
Electricity Fuel Consumption Water Consumption Emissions

Consumption

H Concrete Tank

1000 sf drainfield

Figure 1. Tank and drainfield contributions to resource consumption and emissions
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The conventional system was also analyzed by phase. The results of this analysis are shown in Table 3
and Figure 2. As shown, electricity consumption is dominated by the production phase. Fuel
consumption is dominated by the material processing phase. Water consumption is dominated largely
by the material processing phase, and carbon emissions are fairly split between the material processing
and production phases.

Table 3. Conventional system (1000 sf drainfield, 30 mi travelled) — Consumption by phase

Material Processing Production Transportation
Value % of Total Value % of Total Value % of Total
Electricity Consumption
1584 25% 4848 75% 0 0%
(kwh) ° ° (]
Fuel Consumption 4554 68% 1264 19% 856 13%
(kBtu)
Water Consumption 697 71% 286 29% 0 0%
(gal)
Emissions 227 53% 187 43% 31 4%
(kg C)
80% - 75%
70%
60%
50%
40%
30%
20%
10%
0%
Electricity Fuel Consumption Water Emissions
Consumption (kBtu) Consumption (kg C)
(kWh) (gal)
B Material Processing M Production Transportation

Figure 2. Conventional system consumption breakdown by phase

The conventional system was also analyzed to determine the percent contributions of each
manufactured material. Results from this analysis are shown in Table 4 and Figure 3. As shown, PVC
manufacture is the highest consumer of electricity, accounting for 71% of the system’s electricity
consumption. Aggregate and cement consume the most fuel, both around 40% of the total fuel
consumption. Aggregate also consumes the most water with 70% of the total water consumption.
Cement and PVC production emit the highest amount of carbon, 39% of the total carbon emissions.



Table 4. Conventional system breakdown by material

PVC Aggregate Cement Concrete
% of % of % of % of
Vel Total Vel Total ellee Total ellee Total
ey e R 71% 689 11% 896 14% 265 4%
(kWh)
e CoE i L) 0 0% 2807 42% 2603 39% 1264 19%
(kBtu)
Y;’:It)e" Consumption 141 14% 688 70% 9 1% 145 15%
Emissions 169 39% 68 16% 168 | 39% 27 6%
(kg C)
80% -
71% 70%
70% -
60% -
50% -
39%  39%
40% -
30% -
20% -
10% -
0% -
Electricity Fuel Consumption Water Consumption Emissions
Consumption (kBtu) (gal) (kg C)
(kWh)

B pPVYC M Aggregate

Cement M Concrete

Figure 3. Conventional system breakdown by material

Recycled Thermoplastic System
The results from the recycled thermoplastic system with a 25% reduction are shown in Table 5. The

results from the full-sized recycled thermoplastic system are shown in Tables 6. Table 7 and Figure 4 also
show the tank and drainfield system contributions with a fully sized drainfield.

Table 5. Recycled thermoplastic system (1000sf drainfield with 25% reduction)

30 mi 500 mi 1000 mi Units
Electricity Consumption 783 783 783 kWh
Fuel Consumption 862 1373 1916 kBtu
Water Consumption 27 27 27 gal
Carbon Emissions 210 220 231 kg C




Table 6. Recycled thermoplastic system (1000 sf drainfield, no reduction)

30 mi 500 mi 1000 mi Units
Electricity Consumption 965 965 965 kWh
Fuel Consumption 955 1555 2194 kBtu
Water Consumption 33 33 33 gal
Carbon Emissions 258 270 283 kg C

Table 7. Recycled thermoplastic system (no reduction, 30 mi distance) - Breakdown of components

Tank 1000 sf Drainfield
% of % of Units
Value total Value total
Electricity Consumption 236 24% 729 76% kWh
Fuel Consumption 352 37% 603 63% kBtu
Water Consumption 10 31% 23 69% gal
Carbon Emissions 64 25% 194 75% kg C
100%
90% -
80% 76% 75%
69%
70% - 63%
60% -
50% -
40% - 37%
31%
30% - 24% 25%
20% -
10% -
O% T T 1
Electricity Fuel Consumption  Water Consumption Emissions
Consumption

B Recycled Thermoplastic Tank 1000 sf drainfield - no reduction

Figure 4. Recycled thermoplastic system comparison with and without drainfield reduction

The recycled thermoplastic system results were also analyzed to determine the contributions of
resources/emissions for each stage — material processing, production, and transportation. The results
from this analysis can be seen in Table 8 and Figure 5.



Table 8. Recycled thermoplastic system (1000 sf system, no reduction, 1000 mi distance) — Consumption by phase

Material Processing Production Transportation
Value % of Total Value % of Total Value % of Total
:Eli;clt‘r)mty Consumption 474 49% 491 519% 0 0%
::I:‘:tlu(;onsumptlon 2.4 19% 0.3 2% 9.9 79%
Y;Iaalt)er Consumption 0.6 2% 325 98% 0 0%
(Elg'gm“s 124 45% 129 46% 25 9%
120%
98%
100% -

80%

60%

40%

20%

0%

Electricity
Consumption

B Material Processing

Fuel Consumption

B Production

Water Consumption

Transportation

Emissions

Figure 5. Recycled thermoplastic system (1000 sf system, 1000 mi distance) - breakdown in consumption by

phase

As shown, the electricity consumption and carbon emissions are evenly split between the material
processing phase and the production phase. Fuel consumption is dominated largely by transportation,
and water consumption is dominated largely by the production phase.

Maximum Consumption Scenario
The maximum consumption scenario for the recycled thermoplastics system analysis was determined to
be the farthest distance (1000 miles) with no drainfield size reduction. This scenario was therefore
compared to the conventional system to quantitatively analyze the resource consumption and carbon
emissions of the two systems.




Results from the analysis are shown in Table 9. At maximum consumption, the recycled thermoplastic
system uses a total of 965 kWh of electricity, 2194 kBtu of fuel, 33 gallons of water, and emits 283 kg C
into the atmosphere. Comparatively, the conventional system uses 6433 kWh of electricity, 6674 kBtu of
fuel, 983 gallons of water, and emits 431 kg C. This is equivalent to an 85% reduction in electricity usage,
67% reduction on fuel use, 97% reduction in water usage, and 34% reduction in carbon emissions.

Table 9 — Maximum value comparison — no sizing reduction — 1000 sf drainfield

Conventional | g tic | neduetion | U™
Distance to Site 30 1000 - mi
Electricity Consumption 6433 965 85% kWh
Fuel Consumption 6674 2194 67% kBtu
Water Consumption 983 33 97% gal
Carbon Emissions 431 283 34% kg C

Effect of Transportation

The systems were also compared at an equal travel distance (30 miles). The results from this analysis are
provided in Table 10. As shown, the recycled thermoplastic system provides an 85% reduction in
electricity, 86% reduction in fuel, 97% reduction in water, and 40% reduction in emissions, compared to
the conventional system.

Table 10 — Equal distance comparison — no sizing reduction — 1000 ft* drainfield

Distance to Site 30 30 - mi
Electricity Consumption 6433 965 85% kWh
Fuel Consumption 6674 955 86% kBtu
Water Consumption 983 33 97% gal
Carbon Emissions 431 258 40% kg C

Septic Tank Comparison

The 1000-gallon precast concrete septic tank was compared with the recycled thermoplastic septic tank
alone. The results from this analysis are provided in Table 11. As shown, the recycled thermoplastic tank
uses 81% percent less electricity, 81% less fuel, 95% less water, and emits 63% less carbon than the
precast concrete tank.

Table 11. Septic Tank Comparison

Conventional Recycled Percent Units
thermoplastic Reduction
Distance to Site 30 1000 - mi
Electricity Consumption 1214 236 81% kWh
Fuel Consumption 4448 850 81% kBtu
Water Consumption 208 10 95% gal
Emissions 199 74 63% kg C




Drainfield Comparison

The 1000-sf conventional drainfield was compared with the 1000-sf, no reduction, recycled
thermoplastic chambers drainfield. The results from this analysis are provided in Table 12. As shown, the
recycled thermoplastic chambers use 86% percent less electricity, 40% less fuel, 97% less water, and
emit 10% less carbon than the stone/pipe drainfield.

Table 12. Drainfield comparison — no reduction

Conventional | o+ estic | meduetion | U1
Distance to Site 30 1000 - mi
Electricity Consumption 5219 729 86% kWh
Fuel Consumption 2226 1343 40% kBtu
Water Consumption 775 23 97% gal
Emissions 232 209 10% kg C

Discussion and Conclusion

The recycled thermoplastic system consumes significantly less resources and emits less carbon than the
conventional system. When comparing the “maximum usage” scenario of the thermoplastic system to
the conventional system, the thermoplastic system consumes 85% less electricity, 86% less fuel, 97%
less water, and emits 40% less carbon than the conventional system; at equal distance, the savings are
even greater.

The majority of fuel and emissions savings for the thermoplastic system are from the septic tank. The
thermoplastic tank uses 81% less fuel and causes 63% less carbon emissions than the concrete tank. This
is largely due to the cement manufacturing process involved in concrete tank production; cement
production accounts for 39% of the total conventional system fuel consumption and carbon emissions.

Electricity and water savings are slightly higher through drainfield comparison. This is expected due to
the high electricity usage in PVC production (71% of total conventional system usage) and high water
consumption in aggregate processing (70% of total conventional system usage).

In every analysis the recycled thermoplastic system consumes fewer resources and emitted less carbon
into the atmosphere than the conventional system, regardless of distance travelled or system
component. It can therefore be concluded that the use of recycled thermoplastic septic system products
over conventional products is a more sustainable approach to onsite wastewater treatment. When
compared to the total number of septic systems installed each year (estimated at 400,000 installed
septic systems in 2013), this could amount to a total yearly savings of 2.2 billion kWh of electricity, 1.8
billion kBtu of fuel, 380 million gallons of water, and 59 kilotons of carbon if every septic system was
composed of recycled thermoplastics rather than conventional materials.
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